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(57) ABSTRACT

A method and apparatus controls an internal combustion
engine of a vehicle in which an exhaust purifying catalyst
capable of storing oxygen 1s provided in an exhaust system
of the engine. The internal combustion engine 1s adapted to
be temporarily stopped when a predetermined condition for
stopping the engine 1s satisfied, and resumes 1ts operation
when the predetermined condition 1s eliminated. The inter-
nal combustion engine 1s operated so as to reduce an amount
ol oxygen stored 1n the exhaust puritying catalyst during a
temporary stoppage ol the engine, before fuel starts being
burned for resuming the operation of the engine.
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METHOD AND APPARATUS FOR
CONTROLLING INTERNAL COMBUSTION
ENGINEL

This 1s a Continuation of application Ser. No. 10/133,410
filed Apr. 29, 2002 now U.S. Pat. No. 6,742,327. The entire
disclosure of the prior application i1s hereby incorporated by
reference in 1ts entirety.

The disclosure of Japanese Patent Application No. 2001 -
160201 filed on May 29, 2001, including the specification,
drawings and abstract, 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention generally relates to methods and apparatus
for controlling an internal combustion engine of a motor
vehicle, and more particularly to methods and apparatus for
controlling an internal combustion engine i1n which an
exhaust purifying catalyst having a function of storing
oxygen 1s disposed 1n an exhaust system. In particular, the
invention 1s concerned with methods and apparatus for
controlling such an internal combustion engine that 1s tem-
porarily stopped when predetermined conditions for stop-
ping the engine are satisfied, and resumes 1ts operation when
the engine stoppage conditions are eliminated, so as to
reduce NOx emissions resulting from the temporary stop-
page of the engine.

2. Description of Related Art

In general, an exhaust puritying catalyst, such as a three-
way catalyst, 1s provided in an exhaust system of an internal
combustion engine of a motor vehicle, such as an automo-
bile. The three-way catalyst of this type induces reactions
between NOx and CO or HC as harmiul components con-
tained 1 exhaust gases of the engine, thereby converting
these components into harmless N,, CO, or H,O. The
catalyst has a tendency of storing oxygen when an exhaust
gas containing excessive oxygen, 1 view ol a balance
between an oxidizing component and a reducing component,
or air passes through the catalyst. If the internal combustion
engine 1s stopped for a long period of time, the exhaust

purifying catalyst 1s naturally exposed to oxygen in the
atmosphere, whereby the amount of oxygen stored in the
catalyst reaches 1ts saturation limit. As the amount of oxygen
stored 1n the exhaust purifying catalyst increases, its capa-
bility of reducing or removing NOx may deteriorate. At the
time of a start of the engine, therefore, the amount of fuel
supplied to the engine 1s temporarily increased to be greater
than a value corresponding to the stoichiometric air/fuel
rat10, 1n accordance with the amount of oxygen stored 1n the
catalyst, so that the catalyst 1s subjected to a reduction
process utilizing the increased amount of fuel.

In view of increasing demands for saving of fuel
resources and environmental protection (e.g., prevention of
air pollution) in recent years, more and more attention has
been drawn to so-called “eco-run” (economical-ecological
running) vehicles and hybrid vehicles, 1n which an internal
combustion engine 1s temporarily stopped when the vehicle
1s temporarily stopped at signals or 1n a traflic jam, or when
the vehicle 1s preferably driven by an electric motor, rather
than the engine. Since a temporary stoppage of the engine
during an operation of the eco-run vehicle or hybrid vehicle
only lasts for a short time period (e.g., not longer than about
10 min.), the exhaust purifying catalyst 1s kept from storing
oxygen due to entry of air from the outlet of the exhaust
system during such a short time period. However, the engine

10

15

20

25

30

35

40

45

50

55

60

65

2

keeps moving/revolving for a while even after fuel supply to
the engine 1s cut ofl or interrupted so as to stop the engine.
During this idling of the engine, air containing no fuel
component 1s introduced into the exhaust system, and oxy-
gen 1n that air 1s stored in the exhaust purifying catalyst.

One example of a hybrid vehicle, which 1s currently
manufactured and sold by the assignee of the present appli-
cation, has a driving system as schematically 1llustrated 1n
FIG. 1. With this dnving system, the internal combustion
engine may keep rotating even aiter fuel supply to the engine
1s interrupted so as to temporarily stop the operation of the
engine. More specifically, the driving system of FIG. 1
includes an internal combustion engine 1, which 1s coupled
to a generator 3 and an electric motor 4 via a drive coupling
device 2 including a planetary gear set. A pair of drive
wheels 6a, 656 are provided with respective axles 7a, 7b,
which are connected to the axis of the motor 4 via a
differential gear mechanism 8 and a transmission 3. The
driving system of FIG. 1 1s not provided with a clutch which
was normally provided 1in a conventional vehicle driving
system. With this arrangement, the speed of rotation and
input torque (positive or negative) of the drive wheels 6a, 65
are controlled by combining the speeds of rotation and
output torques of the engine and the electric motor and the
speed of rotation and load (negative torque) of the generator
by means of the planetary gear set of the drive coupling
device 2. In some cases, such as when the vehicle 1s 1n a
decelerating state or when the vehicle 1s being driven by the
clectric motor, no power needs to be generated by the
engine, and fuel supply to the engine 1s cut ofl or interrupted.
Even though the engine 1s allowed to stop rotating in these
cases, the engine may still keep rotating while supplying no
torque, depending upon the operating conditions of the
vehicle. In this specification, “stoppage of the engine” 1s to
be interpreted to include an 1dling state of the engine (1.e., a
state 1n which the components of the engine (e.g., the
pistons, etc.) are moving) with no fuel supplied thereto.

Referring again to FIG. 1, the driving system further
includes a battery 9, or other storage device, an inverter 10,
a catalytic converter 11, such as a three-way catalyst, pro-
vided 1n an exhaust system of the engine 1, and an electronic
control unit 12. The electronic control unit 12 receives a
signal indicative of an amount Dp of depression of an
accelerator pedal, a signal indicative of a vehicle speed Sv,
a signal indicative of a crank angle Oe, a signal indicative of
a temperature Te of the engine, and a signal indicative of a
temperature Tc of the catalytic converter.

SUMMARY OF THE INVENTION

It 1s therefore an object of the invention to provide
methods and apparatus for controlling an internal combus-
tion engine capable of intermittent operations, which meth-
ods permit an eflective reduction process to occur, in which
the oxygen content 1s reduced mm an exhaust purifying
catalyst that stores oxygen in various ways each time the
engine 1s temporarily stopped. This reduces NOx that would
be otherwise emitted upon a restart of the engine because of
the oxygen stored 1n the exhaust puriiying catalyst.

To accomplish the above and/or other object(s), there 1s
provided according to one aspect of the invention, methods
and apparatus for controlling an internal combustion engine
of a vehicle 1n which an exhaust purifying catalyst capable
of storing oxygen 1s provided in an exhaust system of the
engine, the internal combustion engine temporarily substan-
tially stopping when a predetermined condition for stopping
the engine 1s satisfied, and resuming an operation thereof
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when the predetermined condition 1s eliminated. According
to this aspect of the invention, the internal combustion
engine 1s operated so as to reduce an amount of oxygen
stored 1n the exhaust purifying catalyst during a temporary
stoppage of the engine, before fuel starts being burned for
resuming the operation of the engine.

Even when the internal combustion engine 1s temporarily
stopped and fuel supply to the engine 1s interrupted, the
engine keeps rotating (1.¢., 1dling) for a while, and oxygen 1s
stored 1nto the exhaust puritying catalyst during this idling
of the engine. If tuel 1s temporarily supplied to the engine
within a selected period during such idling of the engine, the
exhaust purifying catalyst 1s subjected to a reduction process
during this engine idling, resulting 1n reduction in NOX
emissions at the time of a restart of the engine.

In one preferred embodiment of the invention, temporary
tuel supply 1s carried out during an initial period of cranking
for resuming the operation of the internal combustion
engine.

When the engine speed becomes lower than a predeter-
mined threshold value upon a temporary stoppage of the
engine, the engine resumes 1ts operation through cranking.
To start the engine by cranking, an electric motor drives the
engine so as to gradually increase 1ts speed, and fuel
injection 1s started when the engine speed reaches a prede-
termined value. Upon a start of the engine by cranking,
therefore, the engine 1s held 1n an 1dling state for a certain
period of time, 1.e., from the beginning of cranking to a point
of time when the engine speed reaches the predetermined
value, before normal supply of fuel to be burned 1s started
so as to resume an operation of the engine. If a fuel 1s
temporarily supplied for a selected time period during 1dling,
of the engine within an initial period of cranking, the exhaust
purifying catalyst, which 1s 1n a warmed-up state and stores
oxygen, can be immediately subjected to a reduction process
using the fuel containing a combustible component. This
reduction process 1s pertformed before burning of fuel for
restarting the engine 1s 1mtiated, without causing any delay
in restarting the engine through cranking. Thus, the tempo-
rary fuel supply makes 1t possible to reduce NOx emissions
at the time of a restart of the engine.

In another preferred embodiment of the invention, the
temporary fuel supply 1s carried out when the engine, which
has been temporarily stopped, resumes its operation in
response to a request for restarting the engine, prior to
normal supply of fuel to the engine.

If the engine keeps runming (i.e., 1dling) at a speed higher
than the above-indicated threshold value even after the
engine 1s temporarily stopped (1.e., shut ofl), cranking 1s not
required 1n order to resume a normal operation of the engine
which has been 1n an 1dling state, 1n response to a request for
restarting the engine. In this case, a fuel for reducing the
catalyst 1s temporarily supplied before normal supply of tuel
to be burned 1s started in response to a request for a normal
operation of the engine, so that the fuel flows ito the
exhaust purilying catalyst, along with exhaust flow during
1dling of the engine, so as to reduce the catalyst which 1s 1n
a warmed-up state and stores oxygen. In this manner, the
exhaust purifying catalyst can be immediately subjected to
a reduction process, without causing any delay in restarting
the engine 1n response to a request for the normal engine
operation. Thus, the temporary fuel supply makes 1t possible
to reduce NOx emissions at the time of restarting of the
engine.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and/or further objects, features and advan-
tages of the invention will become more apparent from the
following description of preferred embodiments with refer-
ence to the accompanying drawings, in which like numerals
are used to represent like elements and wherein:

FIG. 1 1s a schematic view showing one example of a
driving system of a hybrid vehicle;

FIG. 2 1s a flowchart showing a part of a control routine
according to one comprehensive embodiment of the inven-
tion, for explaining a method of controlling an internal
combustion engine capable of intermittent operations;

FIG. 3 1s a flowchart showing another part of the control
routine that 1s linked to “A” 1n the flowchart of FIG. 2; and

FIG. 4 1s a flowchart showing another part of the control
routine that 1s linked to “B” in the flowchart of FIG. 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

One exemplary comprehensive embodiment of the mnven-
tion, which incorporates several control schemes, will be
described 1n detail. FIGS. 2, 3 and 4 are parts of a flowchart
that are linked to each other at A and B. The flowchart of
FIGS. 2, 3 and 4 illustrates tflow of control performed
according to the comprehensive embodiment of the mven-
tion. The processes of the flowchart are performed, for
example, by the electronic control umt 12 1n FIG. 1.

The control according to the flowchart of FIGS. 2, 3 and
4 1s mitiated at the same time that the vehicle as shown 1n
FIG. 1 starts operating upon closing of an i1gnition switch
(not shown). During the control, a control routine of the
flowchart 1s executed at intervals of several dozens of
milliseconds (i.e., it takes several dozens of milliseconds to
complete one cycle of the control routine), as well known 1n
the field of control technology.

In step S1 of FIG. 2, data needed for controlling the
vehicle as shown 1n FIG. 1 1s read. Since control returns to
step S1 after reaching “RETURN” at the end of each control
cycle, data read 1n step S1 1s updated every several dozens
of milliseconds, based on the current running conditions of
the vehicle.

In step S2, 1t 1s determined whether engine temporary stop
conditions under which the engine can be temporarily
stopped are satisfied, based on the data read 1n step S1. This
determination may be made in various manners, and the
invention 1s not limited to any particular manner of making
this determination. If an aflirmative decision (YES) 1s
obtained 1n step S2, fuel supplied to the engine 1s cut off 1n
step S3. Control then proceeds to step S4 to set flag F1 to 1,
which indicates that fuel cut-ofl has been executed. As
known 1n the field of control technology, all flags, 1.e., flags
F1 through F7 1n this embodiment, are reset to zero upon a
start of the control routine.

In step S5, 1t 1s determined whether flag F2 1s equal to 1.
When step S5 1s executed for the first time, flag F2 1s equal
to zero, and step S6 1s then executed to determine whether
the engine speed Ne 1s equal to or greater than a threshold
value or reference value Neo. When the engine idles at a
speed equal to or greater than the threshold value Neo, a
catalyst reduction process 1s not carried out upon a tempo-
rary stoppage of the engine, but will be carried out when the
engine resumes 1ts operation. When a negative decision
(NO) 15 obtained in step S6, namely, when the engine speed
decreases to be lower than the threshold value Neo, flag F2
1s set to 1, and the decision made 1n step S3 1n the following
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cycles 1s fixed (namely, YES 1s obtained 1n step. S5). The
control then proceeds to step S8 to determine whether flag
F3 1s equal to 1. The flag F3 will be set to 1 when the control
proceeds to step S16 later, but 1s equal to zero until step S16
1s reached. Step S8 i1s followed by step S9 as long as a
negative decision (NO) 1s obtained 1n step S8.

In step S9, 1t 15 determined whether conditions for per-
mitting a catalyst reduction process are satisfied. One main
condition 1s whether the catalyst has been warmed up,
namely, whether the temperature of the catalyst 1s equal to
or higher than a predetermined activation temperature.. If
the catalyst temperature 1s excessively high, however, the
catalyst may be overheated by a catalyst reduction process.
Thus, an upper limit of the catalyst temperature may be
another condition for permitting a catalyst reduction pro-
cess. IT an athirmative decision (YES) 1s obtained 1n step S9,
the control proceeds to step S10. If a negative decision (NO)
1s obtained 1n step S9, on the other hand, the current cycle
of the control routine i1s terminated.

In step S10, 1t 15 determined whether flag F4 1s equal to
1. If a negative decision (NO) 1s obtained 1n step S10, step
S11 15 executed to set timer 1, and step S12 1s then executed
to set tlag F4 to 1. These steps S10 to S12 are provided for
starting the timer 1.

Next, i step S13, 1t 1s determined whether the time
measured by the timer 1 has reached a predetermined value.
I a negative decision (NO) 1s obtained 1n step S13, step S14
1s executed to temporarily supply (inject) fuel for reducing
the catalyst. The temporary fuel supply may be carried out
cither while operating the ignition device as 1n normal
engine operations, or without operating the 1gnition device.
The fuel 1s temporarily supplied only for the predetermined
period of time set by the timer 1. Upon a lapse of the
predetermined time, step S15 1s executed to stop the tem-
porary fuel supply, and step S16 1s then executed to set flag
F3 to 1, which indicates that temporary fuel supply for
reducing the catalyst 1s finished. In the following control
cycles, only steps S1 through S8 are repeatedly executed
until a negative decision (NO) 1s obtained 1n step S2.

If a period for temporarily stopping the engine expires, or
if the engine 1s required to generate power through depres-
sion of an accelerator pedal, for example, during the engine
temporary stoppage period, a negative decision (NO) 1s
obtained 1n step S2. In this case, control proceeds to step S17
to determine whether flag F4 1s equal to 1. If a negative
decision (NO) 1s obtained 1n step S17, control proceeds to
step S18 to determine whether the engine speed Ne 1s equal
to or greater than a predetermined threshold value Neco. The
predetermined threshold value Neco 1s determined as a
reference value above which the engine can resume its
operation only by restarting fuel supply, without requiring
cranking. If a negative decision (NO) 1s obtained in step S18,
flag F4 1s set to 1 1n step S19, whereby the decision made 1n
step S17 1s fixed to YES 1n the following control cycles.
Subsequently, control proceeds to step S20 in which crank-
ing 1s performed.

Once cranking 1s initiated, 1t 1s determined 1n step S21
whether the engine speed Ne has reached a predetermined
value Nec2. When the engine speed Ne 1s equal to or greater
than the predetermined value Nec2, normal fuel supply upon
a start of the engine by cranking should be mitiated. I a
negative decision (NO) 1s obtained 1n step S21, step S22 1s
executed to determine whether tlag F3 1s equal to 1. As
described above, flag F3 1s set to 1 1n step S16 when
temporary fuel supply started in the above step S14 1s
finished. When step S22 determines that flag F3 1s equal to
1, reduction of the catalyst has been finished, and no further
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catalyst reduction 1s needed at the time of cranking. In this
case, therefore, control returns to step S1, and cranking 1s
continued (with steps S20-S22 repeatedly executed) until
the engine speed Ne reaches the predetermined value Nec2.

If a negative decision (NO) 1s obtained 1n step S22,
control proceeds to step S23 to determine whether condi-
tions for permitting a catalyst reduction process are satisfied,

as 1n the above-described step S9. If an aflirmative decision
(YES) 1s obtamned 1n step S23, step S24 1s executed to
determine whether the engine speed Ne has reached a
predetermined threshold value Necl, which 1s lower than the
above-indicated threshold value Nec2. If the engine speed
Ne 1s equal to or greater than the predetermined value Necl,
temporary fuel supply for reducing the catalyst 1in the 1nitial
pertod of cranking should be finished. Since a negative
decision (NO) 1s obtained when step S24 1s executed for the
first time, control proceeds to step S25 to start temporary
supply of fuel for reducing the catalyst. In a preferred
embodiment, the temporary fuel supply 1n the 1nitial period
of cranking 1s carried out while the 1gnition device 1s not
operated, though the temporary fuel supply may be carried
out while the 1ignition device 1s being operated as 1n a normal
engine operation. In this case, the amount of fuel tempo-
rarily supplied may be set to a desired value by setting the
value of Necl as desired. If an aflirmative decision (YES) 1s
then obtained 1n step S24, temporary fuel supply 1s stopped
in step S26.

If cranking continues after the catalyst reduction process
1s finished 1 step S26, and the engine speed is further
increased until an aflirmative decision (YES) 1s obtained 1n
step S21, control proceeds to step S27 to start normal fuel
supply upon a start of the engine by cranking so that the
engine increases 1ts revolution speed by itsell. In order to
check a result of the normal fuel supply to thus confirm
normal starting of the engine, control proceeds to step S28
to determine whether flag F5 1s equal to 1. If a negative
decision (NO) 1s obtained in step S28, which occurs only
when this step 1s executed for the first time, control proceeds
to step S29 to set timer 2, and then proceeds to step S30 to
set flag F5 to 1. In the following step S31, it 1s determined
whether the engine speed Ne has reached a predetermined
threshold value Nec3, which indicates that the engine has
started successiully. A negative decision (NO) 1s 1nitially
obtained 1n step S31 in a certain number of cycles, and
control proceeds to step S32 to determine whether the time
measured by the timer 2 has reached a predetermined value.
If a negative decision (NO) 1s obtained 1n step S32, control
returns to step S1 to read again or update data and continue
control. If the engine starts normally and successtully, the
negative decision (NO) that has been obtained 1n step S31 1s
replaced by an athrmative decision (YES) after a while. In
this case, step S33 1s executed to reset all of flags F1 through
FS to zero, so that the electronic control unit returns to its
initial state, and 1s thus ready for the next control for
temporary fuel supply.

If the engine does not start normally for some reason, a
negative decision (NO) continues to be obtained 1n step S31
for a while until an aflirmative decision (YES) 1s obtained 1n
step S32. In this case, control proceeds to step S34 to
generate an alarm that informs the driver that the engine has
failed to start. In this embodiment, which i1s only exemplary,
the control routine 1s finished after execution of step S34. It
1s, however, also possible to perform some type of automatic
control when an afhirmative decision (YES) 1s obtained 1n
step S32, though the invention 1s not concerned with the
manner of performing such automatic control.
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When an aflirmative decision (YES) 1s obtained in step
S18, namely, 11 the engine speed Ne 1s equal to or greater
than the threshold value Neco, for example, when the engine
1s required to restart after a temporary stoppage, control
proceeds to step S35 of FIG. 4 to determine whether flag F1
1s equal to 1. If a negative decision (NO) 1s obtained 1n step
S35, which means that fuel cut-ofl for a temporary stoppage
of the engine has not been performed, control proceeds to
step S36 to continue normal fuel supply (1.e., fuel supply for
normal engine operations) 1n accordance with a request for
power to be generated by the engine.

If an atlirmative decision (YES) 1s obtained 1n step S35,
step S37 1s then executed to determine whether flag F3 1s
equal to 1. As described above, flag F3 1s set to 1 when
temporary fuel supply for catalyst reduction, which 1s car-
ried out while the engine 1s still rotating after normal fuel
supply 1s cut off, 1s finished. Since another catalyst reduction
process 1s not necessary when flag F3 1s equal to 1, control
proceeds to step S36 to perform normal fuel supply to the
engine.

When a negative decision (NO) 1s obtained in step S37,
step S38 15 executed to determine whether flag Fé6 1s equal
to 1. The flag F6 will be set to 1 when control reaches step
546 later. In other words, the flag F6 1s reset to zero until step
S46 15 reached. In the following step S39, 1t 1s determined
whether conditions for permitting a catalyst reduction pro-
cess are satisfied, as 1n the above-described step S9 or step
523. If an afirmative decision (Y ES) 1s obtained 1n step S39,
step S40 1s executed to determine whether flag F7 1s set to
1. This step S40 and the following steps S41 and S42 are
provided for starting timer 3. After the timer 3 1s started in
step S41 and flag F7 1s set to 1 1n step S42, control proceeds
to step S43 to determine whether the time measured by the
timer 3 has reached a predetermined value, namely, whether
temporary supply of fuel for reducing the catalyst, which
will be started 1n the following step S44, has been carried out
for a predetermined period of time. The temporary fuel
supply, which continues for the predetermined time set by
the timer 3 and 1s finished 1n step S45, may be performed
while the 1gnition device 1s operated as 1n normal engine
operations. In a preferred embodiment, however, the tem-
porary fuel supply 1s performed while the 1gnition device 1s
not operated. The temporary fuel supply without 1gnition 1s
performed for catalyst reduction prior to return to normal
tuel supply, when the engine can resume 1ts operation
without requiring cranking, but only by resuming normal
supply of fuel to the engine. Once the temporary fuel supply
1s finished 1n step S435, and flag F6 1s set to 1 1n step S46, an
allirmative decision (YES) 1s obtained in step S38, which 1s
followed by step S36. After execution of step S36, all of
flags F1 through F7 are reset to zero 1n step S47, and the
clectronic control unit 1s ready for the next temporary
stoppage of the engine.

As described above, the flowchart of FIGS. 2, 3 and 4
incorporates various aspects of the method of controlling an
internal combustion engine capable of intermittent opera-
tions, for reducing NOX emissions according to exemplary
embodiments of the invention. It 1s, however, to be under-
stood that the mvention 1s not limited to execution of all of
the aspects ol the control method as illustrated by the
flowchart of FIGS. 2, 3 and 4. Rather, only a selected aspect
or aspects of the control method (i.e., only a selected portion
or portions of the flowchart of FIGS. 2, 3 and 4) may be
executed without departing from the scope of the invention.

In the illustrated embodiment, the apparatus 1s controlled
by the controller (e.g., the electronic control unit 12), which
1s implemented as a programmed general purpose computer.
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It will be appreciated by those skilled 1n the art that the
controller can be implemented using a single special purpose
integrated circuit (e.g., ASIC) having a main or central
processor section for overall, system-level control, and
separate sections dedicated to performing various different
specific computations, functions and other processes under
control of the central processor section. The controller can
be a plurality of separate dedicated or programmable inte-
grated or other electronic circuits or devices (e.g., hardwired
clectronic or logic circuits such as discrete element circuits,
or programmable logic devices such as PLDs, PLAs, PALs
or the like). The controller can be implemented using a
suitably programmed general purpose computer, e.g., a
microprocessor, microcontroller or other processor device
(CPU or MPU), either alone or 1in conjunction with one or
more peripheral (e.g., integrated circuit) data and signal
processing devices. In general, any device or assembly of
devices on which a finite state machine capable of 1mple-
menting the procedures described herein can be used as the
controller. A distributed processing architecture can be used
for maximum data/signal processing capability and speed.
While the invention has been described with reference to
preferred embodiments thereot, 1t 1s to be understood that
the invention 1s not limited to the preferred embodiments or
constructions. To the contrary, the mvention 1s intended to
cover various modifications and equivalent arrangements. In
addition, while the wvarious elements of the preferred
embodiments are shown in various combinations and con-
figurations, which are exemplary, other combinations and
configurations, including more, less or only a single ele-
ment, are also within the spirit and scope of the invention.

What 1s claimed 1s:

1. A method of controlling an internal combustion engine
of a vehicle in which an exhaust purifying catalyst 1is
provided 1n an exhaust system of the internal combustion
engine, the method comprising the steps of:

controlling burning of fuel to operate the internal com-

bustion engine; and

injecting fuel into the mternal combustion engine during

a moving state of the engine while leaving substantially
all the fuel unburned, before a normal operation of the
engine by fuel being burned.

2. The control method according to claim 1, wherein the
step of 1injecting fuel includes injecting fuel into the internal
combustion engine that shifts to the moving state, without
causing the fuel to be burned, when a predetermined con-
dition 1s satisfied while the vehicle 1s running.

3. The control method according to claim 2, further
comprises stopping burning of the fuel by cutting a fuel
supply to the iternal combustion engine.

4. The control method according to claim 1, wherein the
step of 1injecting fuel includes injecting fuel into the internal
combustion engine that shifts to the moving state, without
causing the fuel to be burned, when the vehicle starts to be
driven by a motor after being driven by the internal com-
bustion engine.

5. The control method according to claim 1, wherein the
step of 1injecting fuel includes injecting fuel into the internal
combustion engine that shifts to the moving state, without
causing the fuel to be burned, before the vehicle starts to be
driven by the iternal combustion engine and after being
driven by a motor.

6. The control method according to claim 1, further
comprising not injecting fuel into the internal combustion
engine that shifts to the moving state based on a temperature
of the exhaust purifying catalyst.
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7. The control method according to claim 1, wherein the
step of injecting tuel includes 1injecting fuel 1nto the internal
combustion engine that shifts to the moving state and not
1gniting the fuel.

8. The control method according to claim 1, further
comprising the step of:

driving the internal combustion engine by the burming of
the fuel when the speed of the internal combustion
engine has become equal to, or greater than, a prede-
termined speed.

9. The control method according to claim 1, further
comprising not injecting fuel mto the internal combustion
engine that shifts to the moving state when the speed of the
internal combustion engine 1s equal to, or greater than, a
predetermined speed.

10. The control method according to claim 1, wherein the
step of mjecting fuel includes 1mjecting fuel for a predeter-
mined amount of time 1nto the internal combustion engine
that shifts to the moving state.

11. A control system for controlling an internal combus-
tion engine of a vehicle mn which an exhaust purifying
catalyst 1s provided 1n an exhaust system of the internal
combustion engine, the system comprising:

a controller that controls burning of fuel to operate the
internal combustion engine, wherein the controller
causes fuel to be mjected into the internal combustion
engine during a moving state of the engine while
leaving substantially all the fuel unburned, before a
normal operation of the engine by fuel being burned.

12. The control system according to claim 11, wherein the
controller causes the fuel to be injected into the internal
combustion engine that shifts to the moving state, without
causing the fuel to be burned, when a predetermined con-
dition 1s satisfied while the vehicle 1s running.

13. The control system according to claim 12, wherein the
controller causes burning of the fuel to be stopped by cutting
a Tuel supply to the iternal combustion engine.

14. The control system according to claim 11, wherein the
controller causes the fuel to be injected into the internal
combustion engine that shifts to the moving state, without
causing the fuel to be burned, when the vehicle starts to be
driven by a motor after being driven by the internal com-
bustion engine.
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15. The control system according to claim 11, wherein the
controller causes the fuel to be injected into the internal
combustion engine that shifts to the moving state, without
causing the fuel to be burned, before the vehicle starts to be
driven by the internal combustion engine and after being
driven by a motor.

16. The control system according to claim 11, wherein the
controller prohibits the fuel from being i1njected into the
internal combustion engine that shifts to the moving state
based on a temperature of the exhaust purifying catalyst.

17. The control system according to claim 11, wherein the
controller causes the fuel to be injected mto the internal
combustion engine that shifts to the moving state and not be
ignited by an 1gnition device.

18. The control system according to claim 11, wherein the
controller causes the internal combustion engine to operate
by burning the fuel when the speed of the internal combus-
tion engine has become equal to, or greater than, a prede-
termined speed.

19. The control system according to claim 11, wherein the
controller does not 1nject tuel into the internal combustion
engine that shifts to the moving state when the speed of the
internal combustion engine 1s equal to, or greater than, a

predetermined speed.

20. The control system according to claim 11, wherein the
controller causes fuel to be injected for a predetermined
amount of time into the internal combustion engine that
shifts to the moving state.

21. A control system for controlling an internal combus-
tion engine of a vehicle mn which an exhaust purifying
catalyst 1s provided 1n an exhaust system of the internal
combustion engine, the control system comprising:

means for controlling burning of fuel to operate the
internal combustion engine; and

means for injecting fuel into the internal combustion
engine during a moving state of the engine while
leaving substantially all the fuel unburned, before a
normal operation of the engine by fuel being burned.
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